Background: It is unknown how in-hospital cardiac arrest (IHCA) rates vary across hospitals and predictors of variability.
P revention of cardiac arrest in hospitalized patients represents an important opportunity to improve hospital quality of care 1 as prior studies suggest many of these events are predictable and avoidable. [2] [3] [4] Hospitals have been increasingly focused on reducing in-hospital cardiac arrest (IHCA) and inpatient mortality. 5, 6 Substantial hospital resources are often devoted to early detection and prevention of respiratory and hemodynamic compromise in hospitalized patients. 6, 7 Accreditation standards mandate that hospitals have a written plan for in-hospital cardiac emergencies 8 and certification in Basic Life Support is required for most hospitalbased health care providers in the United States (US).
Despite this focus on IHCA prevention, there has not been a national comparison of IHCA rates across hospitals and there are no specific guidelines to direct hospitals in how to best reduce arrest rates. As a result, IHCA event rates likely vary across hospitals. The lack of benchmarking data precludes hospitals from addressing their relative IHCA rates and their individual needs for quality improvement.
Some of the IHCA rate variability could be explained by differences in patient case-mix, as hospitals which provide care for sicker patients are likely to have more arrests. However, it is unknown whether there is substantial variation in case-mix adjusted IHCA rates across hospitals, and whether specific hospital-level factors (eg, hospital volume, structural, demographic, and organizational features) predict these rates. This is important to understand, as clinicians and policymakers are increasingly focusing on understanding and identifying indicators of hospital care and quality which impact outcomes and care of hospitalized patients. 9, 10 To address these issues, our primary aim was to determine how case-mix adjusted IHCA events varied across hospitals participating in the Get With the Guidelines-Resuscitation (GWTG-R), a large ongoing registry of inhospital resuscitation events in the US. We also sought to determine if hospital-level factors explained variability in rates of IHCA.
METHODS

Study Database
We used data from the GWTG-R (formerly, National Registry of Cardiopulmonary Resuscitation) to identify IHCA events. The GWTG-R is sponsored by the American Heart Association and it is the only prospective database of IHCA in the US. 10 The database was developed primarily for quality improvement, and it is structured to allow hospitals to systematically track treatments and outcomes of patients experiencing IHCA. Data are collected from participating acute care hospitals according to standardized Utstein definitions for in-hospital arrest. 11 Hospitals are encouraged to submit data on all consecutive cardiac arrest events in patients without do-not-resuscitate orders. Resuscitation events are included in the database if the event elicits an emergency resuscitation response by hospital personnel and a code record is generated. Cardiopulmonary arrests are specifically defined as events with cessation of cardiac activity determined by the absence of a palpable pulse, apnea, and unresponsiveness.
Specially trained nurse or research coordinators at each facility routinely abstract data from medical records and code review sheets regarding: patient demographics, preevent data, event data, and patient outcomes. The American Heart Association provides rigorous quality control and oversight for all GWTG-R data collection, analysis, reporting, and research studies. Additional details regarding the GWTG-R study design are described in detail elsewhere. 10 
Study Population
Our study population included patients hospitalized at facilities participating in GWTG-R with documented IHCA. We included in our analysis cardiac arrests in patients 18 years or older, admitted between January 1, 2003 and December 31, 2007 at hospitals primarily providing care for adult patients. Subsequent arrests in a single patient were included in our analysis if designated as discrete events according to standard GWTG-R definitions. Pediatric hospitals were excluded from the analysis.
Crude Event Rate
To calculate each hospital's crude event rate, we calculated the number of IHCA divided by bed days. Hospital bed days were selected as the incidence "denominator" measurement of the population at risk, analogous to persontime. 12, 13 Hospital bed days were estimated from data reported to the annual American Hospital Association survey and linked with the closest year of data in GWTG-R.
Case-mix Adjustment Hospital Acuity
As IHCA presumably occurs more frequently in populations of severely ill patients, we included several variables in our model to adjust for potential differences in the IHCA event rate that may be due to variation in the acuity level of patients for which a hospital provides care. 14 These variables included trauma hospital designation, cardiac surgery capability, academic designation, and a patient risk score. We specifically assumed that hospitals designated as trauma centers (levels 1 and 2), hospitals with cardiac surgery capabilities, and academic hospitals would be more likely to provide care for overall sicker patients, with a consequent higher risk of cardiac arrest.
Trauma designation (levels 1, 2 vs. other) and academic designation (indicated by membership in the American Association of Medical College's Council of Teaching Hospitals and Health Systems), were obtained from the American Hospital Association annual survey. The capability of a hospital to perform cardiac surgery procedures was determined from Medicare based on billing codes International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 361x or Diagnosis Related Group codes (106, 107, 109, 547, 548, 549, 550).
Hospital Overall Patient Risk Score
We then used inpatient Medicare claims from 2001 to 2002 (ie, not during the years of the current study) at all US acute care hospitals to estimate an inpatient mortality logistic regression model. Covariates associated with patient risk included age, sex, race, Elixhauser comorbidity predictors (Appendix A, Supplemental Digital Content 1, http://links.lww.com/MLR/A233), and Diagnosis Related Groups with >500 cases. The c statistic for this model was 0.85. 15 This model was then applied to claims from all Medicare patients hospitalized at each GWTG-R hospital from 2003 to 2007 and a mortality risk probability was assigned to each patient. As an estimate of the fraction of patients at each hospital at risk for inpatient death, we then determined the fraction of Medicare patients at each GWTG-R hospital whose risk score exceeded the 75th percentile nationally for risk of inpatient death. We later tested the sensitivity of our main results by varying this risk score cut point from the 66th to 90th percentile nationally. The mean risk score at each hospital was included as a continuous variable in the model.
Organizational Factors
Prior investigations have suggested a relationship between hospital volume and resuscitation outcomes (ie, larger hospitals have better IHCA outcomes). 16 Bed size (number of beds/hospital) was included in our model as a measure of hospital volume. Other organizational factors included categorical measures of percentage of intensive care unit (ICU) beds, and nurse-to-bed ratio in our model using data from the American Hospital Association annual survey.
As one aspect of palliative care services involves helping critically ill patients and their families make decisions about end-of-life care and resuscitation preferences (eg, donot-resuscitate determination), availability of palliative care services (based on data from the American Hospital Association survey) was included in our model as a potentially relevant hospital organizational factor.
Demographic Factors
Outcomes from cardiac arrest have been related to socioeconomic factors in prior studies. 17, 18 We used fee-forservice Medicare hospital claims to determine each hospital's inpatient racial composition, reflecting the proportion of claims from black patients (considered a valid measure of race in Medicare data) 19 treated annually for cardiovascular conditions (ie, diagnosis-related group in major diagnosis category 5). We linked zip codes of each hospital's fee-forservice Medicare patients to 2000 US Census data on median household income to approximate the socioeconomic status of the hospital's inpatient population. Urban versus nonurban designation was ascertained from Medicare's Hospital Cost Report Information System. As hospital geographic region (obtained from the US census) could confound hospital-level demographic effects we also included region as a covariate in our regression model.
Statistical Analyses
To determine the event rate of IHCA events at GWTG-R hospitals we divided the number of arrest events at each hospital by each hospital's annual bed days. The numerator was determined from events recorded in GWTG-R and the denominator from the annual reported bed days per facility. This calculation is reported as events per 1000 bed days.
Crude event rates were adjusted for case-mix by using a generalized estimating equation regression model 20 with the following covariates: bed size, nurse-to-bed ratio, percent ICU beds, palliative care services, urban designation, volume of black patients, median per capita income, trauma designation, academic designation, cardiac surgery capability, and patient risk score. We used generalized estimating equations to control for multiple observations of the same hospital across years. Statistical significance across groups was determined using the Kruskal-Wallis test.
To estimate how measures of overall hospital quality and outcomes independently predicted case-mix adjusted IHCA event rates, we estimated a multivariable negative binomial regression model with the following covariates: organizational structure (bed size, nurse-to-bed ratio, percentage of ICU beds, palliative care service availability), demographic characteristics (urban, hospital racial composition, income), and other (trauma designation, academic designation, cardiac surgery capability, patient risk score). We estimated a negative binomial regression model after determining that event rates were excessively dispersed to satisfy the Poisson model assumptions. 21, 22 Results are presented as rate ratios (RR). A P value <0.05 was considered statistically significant for all calculations.
Statistical analysis were performed using SAS version 9.1 (SAS Institute Inc, Cary, NC) and Stata version 11, College Station, Texas. This study was approved by the Institutional Review Board at the University of Pennsylvania.
RESULTS
We evaluated a total of 103,117 IHCA events at 433 hospitals contributing data to GWTG-R from 2003 to 2007. In this sample of hospitals, most were medium or large in size (ie, >100 beds) (90%), with >5% ICU beds (86%). Many were in urban locations (41%) and/or designated as level 1 or 2 trauma centers (42%). Additional characteristics of these hospitals are listed in Table 1 .
The case-mixed adjusted IHCA event rate was highly variable across hospitals, median 1/1000 bed days (interquartile range: 0.7 to 1.3 events/1000). The distribution of these event rates is illustrated in Figure 1 . Notably, 8% of hospitals (n = 35) had case-mix adjusted event rates that were 50% below the median and 3% of hospitals (n = 13) had casemix adjusted event rates that were twice the median.
Even when grouping hospitals of similar characteristics, there was significant variation in the mean rate of excess IHCA across hospital size, cardiac surgery capability, and hospital racial composition ( Table 2) .
Predicting Case-mix Adjusted IHCA Event Rates
In a multivariable regression model accounting for measures of hospital volume, structural, demographic, and organizational features (Table 3) , we found that hospitals in urban location [RR, 1.1; 95% confidence interval (CI), 1.0-1.3; P = 0.03] and hospitals with higher proportions of black patients (RR, 1.2; 95% CI, 1.0-1.3; P = 0.01) were both independent predictors of higher IHCA rates. Larger hospitals (RR, 0.54; 95% CI, 0.45-0.66; P < 0.0001) had lower IHCA rates.
Sensitivity analyses varied the cut point for the risk score, without qualitative changes in the results of the model. As the risk score in our model was based on Medicare patients, we also conducted a subsequent analysis and restricted GWTG-R data to patients Z65 years of age. We then estimated the correlation coefficient of IHCA rates at each hospital for elderly versus nonelderly patients. We then reestimated the negative binomial regression model using the event rate of elderly patients as the dependent variable. The resulting rate ratios for the model did not significantly change except for academic hospitals (RR, 0.74; 95% CI, 0.63-0.88; P < 0.0004).
DISCUSSION
There is significant and important variation in the rate of cardiac arrest in hospitalized patients that is not explained by case mix. We also identified hospital factors that were independently predictive of IHCA event rates. These findings have meaningful policy implications-as IHCA rates are easily measurable and case-mix adjustment is straightforward, IHCA event rates can potentially be used for tracking hospital performance.
Prior studies have identified variability and potential causes for variability in out-of-hospital cardiac arrest incidence, but less is known about variability and the causes of variability in IHCA incidence. 23, 24 As cardiac arrest in hospitalized patients is both a function of a patients' underlying illness severity and a hospitals' process of care for treating acutely and chronically ill patients, valid comparisons of IHCA event rates must account for risk adjustment of both patient and hospitallevel factors. This has been evident in prior study of coronary artery bypass graft procedural outcomes illustrating that if risk adjustment is inadequate, outcomes will appear worse in hospitals which provide care for patients with more severe illnesses. 25 We included in our model several measures of patient and hospital case-mix previously studied and readily available in the American Hospital Association survey. Using these variables, we demonstrated that case-mix adjustment of IHCA rates is feasible and non-GWTG-R hospitals can calculate (see Appendix A, Supplemental Digital Content 1, http://links.lww.com/MLR/A233) their own case-mix adjusted event rate and understand how they compare with other hospitals.
Beyond case-mix, we sought to identify other useful factors that may explain variability in hospital event rates. Although the causal pathway for IHCA is complex and multifactorial, it is important for individual facilities to know how their adjusted IHCA rates compare with other facilities, particularly peer institutions. This knowledge can be a key motivator for quality improvement; Berwick et al 5 refers to this as "move your dot"-an approach for hospitals looking to compare their organizational performance with in-hospital mortality across hospitals and then improve this rate relative to peer institutions. 26 Clearly, hospitals cannot change their fixed characteristics (size, demographics, etc.) and it is unlikely that these factors inherently represent the direct mechanisms impacting event rate (ie, the physical size of the hospital is not protective against IHCA). However, it is likely that these hospital measures provide clues to potentially modifiable factors that impact rates of arrest in hospitalized patients (eg, large hospitals may be more likely to have rapid response teams).
Other hospital factors predictive of event rate in our model were worrisome and raise equity concerns (eg, race). The high "excess" IHCA rates at hospitals with large numbers of black patients are troubling, as they provide further evidence that these hospitals may be providing lower quality inpatient care. 27 Prior study shows that black patients with cardiovascular disease are more likely to receive care at hospitals with fewer evidence-based therapies, longer delays in reperfusion treatment, and overall worse risk-adjusted outcomes from cardiac surgery. [28] [29] [30] Others have shown that black patients with IHCA had longer times to defibrillation than other patients. 18 Clearly, a solution to reduce IHCA event rate would not involve altering the demographics of a hospitals' patient population but rather examining overall process and quality measures in place at hospitals with high rates of arrest in hospitalized patients. Additional work is needed to determine how to best reduce unexpected cardiac emergencies for all hospitalized patients regardless of race.
Our findings related to hospital volume (ie, smaller hospitals had a higher IHCA event rate and larger hospitals had a lower IHCA event rate) could reflect differences in hospital resources relative to size. Large hospitals may have more resources in place to recognize early indications of clinical deterioration, more advanced technology, and greater overall intensity of services. Although a higher nurse-to-bed ratio was not associated with lower IHCA event rate, there may be other markers of staffing volume (eg, housestaff coverage, in-house overnight attending coverage, critical care nurse coverage) that we did not measure which may contribute to the observed lower IHCA event rate at large hospitals. 
Limitations
Our study was limited in that our estimates of event rate were based on registry data, and although extensive checks were in place to insure a high likelihood of capturing most events at an institution, we cannot verify that all IHCA resuscitations were identified. Our denominator (hospital bed days) may not be recorded accurately at all facilities and may not account for all the potential person-time that could contribute to a hospital's population at risk of cardiac arrest, including patients seen in clinics, hospital visitors, etc. Nevertheless, bed days are a commonly measured indicator of hospital size that likely reflects the general dimensions of the population at risk. 12 We were also limited in our findings and generalizations about event rates at small hospitals (<100 beds) as these are underrepresented in GWTG-R. However, it is unlikely that these event rates can be estimated from other existing administrative datasets. Notably, our results also did not change when we excluded small hospitals from the analysis.
It is possible that hospitals participating in GWTG-R may have been motivated to join the registry because they have lower or higher rates of arrest than non-GWTG-R hospitals. This may be important for contextualizing our reported event rates, which therefore might be higher or lower than the general population of US hospitals.
Finally, we identified differences in event rate according to broad hospital categories, but we were unable to fully explain the mechanism that accounts for differences in casemix adjusted IHCA. Specifically, there may be differences in end-of-life policies, use of rapid response teams, quality improvement initiatives, or other organizational or demographic factors (eg, insurance status) 31 that could further explain the variability in event rate across facilities that were not included in our model. 32, 33 In addition, validated quality measures for other cardiovascular diseases (eg, acute myocardial infarction, heart failure) were not included in our analysis but may correlate with IHCA rates as better surrogates for quality and require further study.
CONCLUSION
There is significant variability in case-mix adjusted IHCA event rates across hospitals and hospital measures of volume and demographic features explained variation in case-mix adjusted IHCA event rates. 
